Introduction
Symptoms, particularly dyspnea and activity limitation, have a profound impact on the activities of daily life and health status in patients with COPD. 1 The prevention and control of symptoms are important elements in the management of COPD as the goals have shifted towards optimizing symptom control and reducing future risks such as exacerbations, hospital admissions, and deaths. 1 These symptoms are frequently collected as a patient-reported outcome (PRO) from either a questionnaire, diary, or clinical questionnaire. 2, 3 PROs are recognized as important outcomes in clinical research, and particularly in respiratory indications such as asthma and COPD, where specific treatment outcomes can only be captured from the patient. 4 PROs are increasingly being collected by electronic means (electronic PROs or ePROs). [5] [6] [7] The electronic collection of data is particularly helpful in unsupervised settings, where paper-based diaries may be less valid because of suboptimal patient adherence to diary completion. 8, 9 PRO instruments, either paper or electronic based, need to be validated in order to be reliable and responsive to clinically meaningful treatment effects. PRO instruments should also facilitate easy understanding and usage to the patients and physicians and be relevant and acceptable to the healthcare providers and regulatory authorities, respectively. 10 The guidelines published by the US Food and Drug Administration provide a useful framework for collection of adequate psychometric data in order to document that PRO measures are fit for purpose. 11 Here, we present the results of psychometric assessment data from a COPD eDiary developed by Novartis to provide a more detailed assessment of the symptoms and their impact on patients with COPD.
Qualitative patient interviews were conducted from 2009 to 2010 to elicit concepts from patients in the US, identifying relevant symptoms as well as degree of bother because of symptoms. The COPD eDiary was administered to a subset of patients in the 26-week SHINE study, 12 which was a part of the Phase III clinical trial program on QVA149, a once-daily dual bronchodilator containing a fixed-dose combination of the long-acting β 2 agonist indacaterol and the long-acting muscarinic antagonist glycopyrronium.
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Methods
study design and treatments
The COPD eDiary was completed twice a day (morning and evening) for 26 weeks by a subset of patients in the SHINE study. (See Supplementary materials for more details of the SHINE study, including institutional review and consent procedures). Data for the following visits were used for psychometric validation: baseline (the day treatment started), week 1 (7 days after baseline), week 12, and week 26 (end of the study). In each case, the eDiary data were used from the 7-day period preceding the visit. The site-based PRO assessments (St George's Respiratory Questionnaire [SGRQ] , baseline dyspnea index [BDI] , and transitional dyspnea index [TDI] ) were made at baseline, week 12, and week 26.
Patient population
The SHINE study included male and female patients aged 40 years with moderate-to-severe stable COPD (stage II or III according to the Global Initiative for Chronic Obstructive Lung Disease 2008 criteria), a smoking history of 10 pack-years, and a postbronchodilator forced expiratory volume in 1 second (FEV 1 ) 30% and 80% of the predicted normal and postbronchodilator FEV 1 to forced vital capacity ratio of 0.70 at screening. 12 
Objectives
The objectives of the current analysis were to determine the frequency of occurrence and the severity of COPD symptoms in this patient group; to determine how bothersome and difficult patients find their COPD symptoms; and to establish the measurement properties of the COPD eDiary.
assessments/measures COPD eDiary
The morning assessment of the COPD eDiary had two components: M1, from waking up until completing the morning assessment, and M2, from the last scheduled diary entry (the evening before) until completing the morning assessment. The evening assessment (E) covered the period from the last scheduled diary entry (morning of the current day) until completing the evening assessment.
Each assessment included five symptom items: "shortness of breath", "phlegm/mucus", "chest tightness", "wheezing", and "coughing". Two impact items, "bothered by COPD" and "difficulty with activities" were also captured, with the latter being evaluated in M2 and E only. "Bothersomeness" was included in all the three eDiary time frames as part of exploring the impact of symptoms on patients' lives. It has been reported that the health-related quality of life in patients with COPD correlates more strongly with the ratings of dyspnea or symptoms than does the spirometry. 18, 19 All the items were rated on an eleven-point numeric scale from 0 (none) to 10 (worst possible). (For further details, please refer to Supplementary materials.)
Clinic-based instruments
The SGRQ was used to assess the health status of patients in the study. 3 Dyspnea was measured at baseline using BDI and during the treatment period using TDI, which captured changes from baseline as interviewed by a trained assessor. A TDI focal score of 1 is considered to be a clinically significant improvement from baseline. 20 
statistical analysis
The analysis used the available data from all patients who completed the COPD eDiary. Compliance rates were 
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electronic diary for assessing symptoms of COPD assessed as percentage of scheduled entries over each assessment period.
Frequencies of occurrence for individual symptoms (score 0) are presented, and an overall mean symptom score was calculated for the five symptom items over the baseline and week 26 periods. Correlations were calculated for the baseline scores using the mean item scores over the 7-day baseline period.
The exploratory factor analysis was performed on the baseline 7-day mean scores (by time frame) using principal components analysis. Parallel analysis was used to determine the optimal number of factors to extract. 21 The internal consistency of the eDiary was evaluated using Cronbach's coefficient alpha (α). Test-retest reliability was assessed using the mean of the 7-day baseline scores as the test and the mean of the 7-day week 1 scores as the retest in patients who rated themselves unchanged from baseline in the weekly assessment of change in the eDiary. Reliability was calculated using the intraclass correlation coefficient (ICC), form 2,1.
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Sensitivity to change for eDiary was evaluated using the change from baseline to week 26. Patients were classified into three groups, "improved," "worse," or "uncertain/no change," based on FEV 1 and ratings on the global items of the diary at week 26. The change scores were then compared for these three improvement groups.
Results
Patient demographics
Two hundred and nine patients were allocated to the COPD eDiary, of whom 140 (67.0%) were male and 69 (33.0%) were female. Ages ranged from 44 to 86 years; 92 patients (44.0%) were under 65 years, 80 (38.3%) were 65 years to 75 years, and 37 (17.7%) were 75 years.
eDiary assessment schedule compliance
The mean compliance rates over the study were 90.1% for baseline, 88.9% for week 1, 84.6% for week 12, and 80.0% for week 26. The mean compliance rates for the M1 and M2 compared to E were 86.5% and 84.5%, respectively, over the 26-week study period.
Frequency and severity of reporting of COPD symptoms
All five symptoms in the eDiary were present in 50% of entries, with shortness of breath, phlegm/mucus, and cough occurring in more than 70% of entries over the study period. Overall, slightly lower frequencies for M1 were observed compared with M2 or E ( Figure 1A) . The mean symptom score severity ranged between 1.6 and 3.2 (on a 0-10 point scale), with severity being greater at baseline than at the end of the study ( Figure 1B ). The severity of mean "bother" and "difficulty with activities" scores occurred in the range of 2.0-2.6 over the course of the study.
Distribution properties
The mean scores for all items (five symptoms and two impact items) were in the range of 2.12-3.20 for baseline and 1.68-2.60 for week 26, with the scores being positively skewed.
Correlations between symptom severity and bother/difficulty with activities scores
The correlations between the scores for the five diary symptoms and impact items at baseline were high, with 0.7 for bother and 0.6 for difficulty with activities across all assessments (Table 1) . A very high correlation was observed between shortness of breath and impact items (0.95 across all assessments).
For other symptoms, correlations with impact items were lower but still substantial (0.64-0.86). Regression modeling showed that shortness of breath was a highly significant (P0.0001) predictor of bother ratings, with no other 
eDiary factor structure
The exploratory factor analysis gave a single factor comprising all seven eDiary items (five symptoms and two impact items), and this was found when the three time frames (M1, M2, and E) were combined or when the time frames were assessed separately (Table 2) . At least 75% of the variance was accounted for by the first factor in all cases.
Internal consistency of eDiary
A very high internal consistency, evaluated using all seven diary items, was found with Cronbach's coefficient α, with all values being 0.95 for all three assessment time points (baseline, week 12, and week 26) and for all three eDiary time frames (Table 3) .
Test-retest reliability of eDiary
A total of 44 patients reported no change in their condition between baseline and week 1. As a single factor was found, the mean of all seven eDiary items was used as the total score. The ICC for the combined scores for all the measures assessed (individual eDiary items, five-item symptom mean, sevenitem overall mean) from the three assessment time frames (M1, M2, and E) was 0.94, with the lower confidence limit being 0.90. The ICC was 0.95 for the two summary means (symptom mean of five items and total mean of seven items), for all the three assessment time frames. A high reliability was also observed for the individual seven diary items, with ICC ranging between 0.95 and 0.98. Table 4 shows the correlations among the various PRO measures at baseline. For the BDI, the highest correlation with the eDiary items was found for the magnitude of effort item and the lowest for functional impairment, with the magnitude of task being intermediate. This pattern was found also for all the individual eDiary items, with the partial exception of phlegm/ mucus (magnitude of task  functional impairment) as well as for the summary scores. The correlations of the individual items with BDI were generally in the following order: difficulty with activities  bother  shortness of breath  chest tightness  wheezing  phlegm/mucus ≅ coughing. For SGRQ, the correlation pattern for the activity and impact subscales was similar to that of BDI, with difficulty with activities, bother, and shortness of breath showing the highest correlations. Two of the three highest values within columns were as predicted, whereas the third, that is, the correlation between eDiary difficulty with activities and SGRQ symptoms was not as predicted. Thus, the observed pattern only partly fulfilled the predictions. (For further details, please refer to results in the Supplementary materials.)
Validity of eDiary
sensitivity to change
Patients were classified as improved (n=33) or uncertain/no change (n=135) using both the clinical and patient global measures as discussed earlier in the Statistical analysis 
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electronic diary for assessing symptoms of COPD section. The eDiary was sensitive to change, as determined by the observed change in the eDiary scores. The Cohen's effect size for the change over the 26-week study period was large (0.79) in the improved patient group (corresponding to a reduction of 1.23 points in the total mean score) compared with a minimal change (0.16) in the uncertain/no change patient group (corresponding to a reduction of 0.29 points). The SGRQ data gave less clear-cut discrimination between the improved and nonimproved patient groups ( Figure 2 ). This clinic-based measure showed Cohen's effect sizes of 0.60 and 0.24 for the improved and uncertain/ no change patient groups, respectively. The evaluation of change over various periods suggested that the 26-week study period was appropriate for assessing the improvement in this population of patients with COPD.
Clinically meaningful change in the scores Table 5 shows the changes in the eDiary scores for overall impact and severity of COPD from baseline to week 26 that are associated with a rating of "a little better." Changes in TDI scores associated with "minor improvement" on functional impairment, magnitude of task, and magnitude of effort items are also included in Table 5 . In all cases, the change scores were 0.5-0.6, suggesting that an improvement of 0.6 points on the eDiary overall mean score could be considered as a meaningful change for the patient.
Discussion
The results clearly emphasize the importance of shortness of breath as a key symptom of COPD.
Management of COPD in an optimal manner is key, as it is progressive and complex in nature. PROs allow objective assessment of the patients' condition and might lead to informed decision by the physician for effective management of COPD in patients. Results from previously conducted interviews in patients with COPD provided an insight to frame appropriate content in this COPD eDiary. In our analysis, we found that shortness of breath showed the highest correlation with the impact items (bother and difficulty with activities) of the eDiary items. Regression analysis showed that no other symptom was a predictor of the bother scores once shortness of breath had been accounted for. Shortness of breath, together with the bother and difficulty with activities items, showed the highest loading on the single factor identified by the exploratory factor analysis; this was substantially higher than those found with other eDiary items. Thus, shortness of breath is the most important symptom in determining the impact of COPD on the patient. The results also indicate the strong connection between COPD symptoms and impacts. These scores (on a 0-10 point scale) are comparable with those of the symptoms themselves and indicate that bothersomeness and difficulty with activities are broadly in line with the levels of symptoms experienced ( Figure 1B) . In some therapeutic areas, such as pain, there are only modest correlations between measures of symptom severity and indicators of impact, or the data indicate that severity and impact items load onto distinct factors. 26 ,27 This appears not to be the case here, with a single factor including all symptoms and impact items, and high correlations among symptom and impact items.
In the current analysis, there was a predominance of male over female patients and a mean age of approximately 
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Kulich et al 65 years, which is typical of populations recruited into clinical research of COPD. 23, 24 The compliance rate of patients with the eDiary ranged from approximately 90% at the beginning of the study to approximately 80% over 26 weeks. Although these compliance rates were not as high as those achieved in some previous eDiary studies, 7, 8 the completion rates of 80% are considered good for eDiary assessments.
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This suggests that the eDiary was not unduly arduous for patients to capture the information. No symptoms were considered for exclusion from the eDiary because of either too low frequency or severity.
However, both frequency and severity of symptoms were somewhat less for the M1 assessment (symptoms since awakening) than for the M2 and E, both of which measured symptoms since the previous assessment. This can be expected as the M1 assessment covered a shorter interval than the M2 or E entry. The severity and frequency of the symptoms decreased somewhat over the study period as expected. The two items in the eDiary that assessed impact (bother and difficulty with activities) showed similar values and patterns to the symptom items. All items showed a degree of skewness and marked floor effects, although these were not extreme. The correlation and factor structure of the eDiary showed that it behaved as a single one-dimensional measure.
The exploratory factor analysis showed a single factor solution, with particularly high factor loadings for bother and shortness of breath. Taken together with the high internal consistency of the eDiary ratings, these results showed that the seven-item overall diary mean, including impact and symptoms, can be used as a single summary measure.
The COPD eDiary demonstrated a robust reliability with an ICC of 0.95 for the two eDiary mean scores (five-item symptom mean score and total score comprising all seven eDiary items) and 0.93 for shortness of breath symptom. For comparison, ICCs obtained from PRO measures from a clinicbased study in COPD were in the range of 0.82-0.95.
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Evaluations of validity used correlations between eDiary assessments and other PRO measures in the study. The initial prediction was that correlations for related items would be higher than those for unrelated items.
However, as noted above, the eDiary showed a singlefactor structure, with a strong link between the symptom and impact items. Thus, it is not surprising that the findings related to the correlation of eDiary symptoms and the symptom mean with SGRQ and TDI were weaker and less consistent than initially predicted, although the expected patterns were apparent to a substantial degree. These patterns overall supported the validity of the eDiary as a measure of PRO severity and impact. The eDiary was sensitive to change, as determined by the observed change in the eDiary scores in a group of patients identified as having improved on both the clinical and patient global measures. The effect size for the change over the 26-week study period was large in this group compared with a minimal change in patients classified as uncertain/no change. These results are consistent with the Cohen's classification of effect sizes, with 0.2 being small, 0.5 medium, and 0.8 large, 29 and showed that the eDiary is capable of demonstrating change in COPD severity and discriminating between patients showing important change and those who do not. The effect sizes for the eDiary gave a greater discrimination between the improved and uncertain/ no change patients than those for the SGRQ, suggesting that the eDiary had advantages over this clinic-based measure in terms of sensitivity to change. 
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electronic diary for assessing symptoms of COPD Anchor-based comparison using the patient global ratings of change suggested that a change of 0.6 on the total mean score of the eDiary represented a meaningful change for patients.
The main limitation of this study was that the sample was not large enough to make more than preliminary assessment of the ability of the eDiary to discriminate between treatment effects. This will require the use of the eDiary in larger comparative studies. The number included was, however, adequate to address the main objectives relating to the measurement properties of the instrument.
In conclusion, the results from the analysis indicated that the new eDiary contents and time frames were appropriate. Strong correlations with the clinic-based PRO measures supported the validity of the eDiary, and these were also found to be internally consistent, reliable, and sensitive to change. Future studies will be required to explore further psychometric properties and their ability to differentiate between novel COPD treatments. 
Supplementary materials COPD patient eDiary
There were two diaries used in the SHINE study: main and exploratory. The main diary was completed by the majority of patients in the study and was reported previously. 1 Chronic obstructive pulmonary disease (COPD) exploratory electronic patient diary (eDiary), the subject of the present analysis, was used in a subset of 209 patients. 2, 3 The COPD exploratory eDiary was completed twice a day (morning and evening) throughout the study period where patients were randomized through Interactive Voice Response System. The exploratory eDiary, unlike the main diary, did not trigger alarm when symptoms worsened, and patients were instructed to contact the site when needed.
The severity and frequency of symptoms may not be the same as bothersomeness. Some symptoms might be frequent and severe but not as bothersome as others, even less frequent or severe. "Bothersomeness" and "difficulty with activities" were included in the eDiary to increase the ability to pick up these distinctions, which are likely to be important from the patient's perspective. In addition, there were questions on the use of rescue medication (salbutamol/albuterol), awakenings, and a weekly assessment of change from baseline, rating symptoms, and impact on daily life. The SHINE study was approved by the independent ethics committee or the institutional review boards of each participating center and was conducted in accordance with the International Conference on Harmonization Guidelines for Good Clinical Practice and the Declaration of Helsinki. All patients provided written and signed informed consent before enrollment. The version of the eDiary used is shown below ( Figure S1 ).
statistical analysis
A multiple regression analysis approach was used to assess the relationship between the individual symptoms rated in the COPD eDiary and the assessment of bothersomeness. Validation used correlations between the eDiary assessments and other patient-reported outcome measures in the study at baseline, with a priori predictions concerning the convergence of items/subscales on the basis of content, specifically activities, impacts, and symptoms. The primary analysis used the St George's Respiratory Questionnaire (SGRQ), which had a structure (symptoms, activities, and impacts) similar to that of the exploratory diary. A Spearman's correlation matrix was presented for all the individual diary item scores, the total symptom score against the three factor scores, and the total from the SGRQ. Patients were classified as "improved" if they showed improvements of at least 120 mL in forced expiratory volume in 1 second (FEV 1 ) and had rated improvement on both global items in the week 26 diary (ie, "a little better," "moderately better," or "a great Table S1 Correlations of eDiary items and summary scores against BDI and sgrQ score They were considered "worse" if FEV 1 decreased by at least 120 mL between baseline and week 26 and ratings on the global change items of the diary on the week 26 rating indicate worsening (ie, "a little worse", "moderately worse", or "a great deal worse" for both items). The remaining patients were classified as "uncertain/no change". Anchor-based methods used an external criterion to categorize patients into groups reflecting an a priori determined change grouping (eg, "no change", "large improvement", and "large deterioration"). The method used was similar to that for sensitivity, but used only the global change item.
To evaluate the consistency of treatment response across the severity range, cumulative distribution curves, using unblinded data for the five treatment groups, were produced using the change scores of the COPD eDiary total scores (both actual point change and percentage change).
Results
Correlations between symptom severity and bother/difficulty with activities scores
For other symptoms, correlations with impact items were lower but still substantial (0.64-0.86). Regression modeling showed that "shortness of breath" was a highly significant (p0.0001) predictor of bother ratings, with no other symptom showing a significant association once shortness of breath had been taken into account.
Validity of eDiary
For SGRQ, the correlation pattern for the activity and impact subscales was similar to that of baseline dyspnea index, with difficulty with activities, "bother", and shortness of breath showing the highest correlations. Two of the three highest values within columns were as predicted, whereas the third, that is, the correlation between eDiary difficulty with activities and SGRQ symptoms was not as predicted. Thus, the observed pattern only partly fulfilled the predictions (Table S1 ).
Consistency of treatment response over the severity range
If an improvement of 0.6 points on the mean total score was considered as the criterion for defining responders, it was found that the QVA149 treatment was associated with approximately a 50% response rate compared with a 30% response rate in placebo ( Figure S2 ). 
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